Introduction
Solution of -he themo-hydrodynamic problem for an explosive by the y "inverse" method is dependent upon an experimental 'ideal' detonation velocity vs. initial density relationship. (An 'ideal' detonating explosive is defined as one in which the velocity does not increase with increasing diameter of the charge.) Using this empirical relationship, the various thermodynamic variables for the detonation proce s can be calculated. Difficulty immediately arises, however, if such experimental data for a particular explosive are not available. No completely satisfactory method for predicting detonation velocities has yet been suggested. The first part of this report is ar. attempt to present a simplified method for predicting approximately the ideal velocities of pure explosives, hence, providing an approximate solution to the thermo-hydrodynamic problem. Due to the assumptions which are made in this method, only an estimate of the velocities can be expected. The method vas applied, however, to some explosives with known velocities, and the results agreed favorably with the observed values. An investigation was also made of the effect of solid diluents in \ j pure explosives. The second part of this paper developes a method by or equivalently, the equation pv • nRT + pa (2) was used as the form of the equation of state. By eliminating between (l) and (2) , the relation
is obtained. Equation (3) explicitly relates the two forms (l) and (2) .
Furthermore, it was concluded in T. R. VI that present methods of raeasuring thermo-hyarodynamic variables are insufficient to distinguish between reasonable forms of equations of state. The following is an attempt to consider the converse of this conclusion. That is, by "fixing" an equation of state, assumed valid for most explosives, it should be possible to make reasonable theoretical estimates for the values of the thermohydrodynamic quantities, including detonation velocity. Since the "inverse" method of solving the thermo-hydrodynamic problem requires only one empirical relationship, namely the velocity-density curve, it is necessary in the proposed method or^y to reduce the number of degrees of (1) or (2) by one, in order that the proposal be realized.
The fundamental assumption made to satisfy this condition is that the variable x and equivalently a are known functions of v. That is, there exi3t 'universal' relationships x --X( v_ ) and a = A(v 2 ), valid for (most) explosives. This assumption is not justified explicitly, but the following comments are suggested in respect to the particular choice:
(1) There is a need for a simple, practical method of predicting velocities. The above fundamental assumption leads to such a method.
The results, dependent on the validity of the assumption, can easily be checked with some known calculations or observed data.
(2) The fundamental assumption agrees with a previous observation of Cook ; viz, that most explosives satisfy the same a vs. v ? relationship. Figure 1 is a reprint of the results of his study. 
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-6-been made, and for practical purposes attempt to correct or try to classify the explosives such that certain relatio; ihips will be valid for particular classes. Such work will depend upon further experimental investigations and theoretical calculations.
If the scheme is successful, it provides a simple method for determining velocities. The reasons for accepting the above fundar.er.tal assumption can then be sought with profit.
For an actual selection of a functional relationship x • X(v_), for this report all of the available evidence at hand was used. It was selected as a near approximation to the data of T. R. VI, VIII, and "Theory of Detonation". ' The plot is given in figure 3 , and a set of corresponding values is given in table I.
Two methods of solving th«; therrao-hydrodynamic problem will now be described. The first introduces the fundamental assumption which has just been discussed. The second considers further assumptions, which permits a simpler solution. The first requires a calculation of the products of detonation over the complete range of temperature and fugacity factors of interest for a particular explosive compound. The method given in the first part of T. R. VIII is available for this calculation. With this known composition, the total number of n of moles/kS of products of detonation, the chemical energy Q released in detonation, and the actual C and average C heat capacities can be calculated for each temperature and fugacity factor considered. This method of computation is given in appendix II of T. R. V.
The method of solution of the thermo-hydrodynamic problem is similar to the method given in the second part of T. R. VIII. The difference 3s in the substitution of the assumed x • X(vO relationship in place of the empirical velocity vs. density relationship. In order to facilitate this procedure, the following expressions have been computed on the basis of the particular selection of the x • X(^ mentioned above. 
where To calculate the thermo-hydrodynamic quantities for various conditions, the equations of T. R. VIII are used, and the following method is suggested.
Corresponding to a set of x values over a suitable range, say 0.6, 0.8,..., is computed, and from equation (2.13) of T. R. VIII,
Corresponding to the sets of T and log,^ F, the quantities n, Q, C , and C are obtained. The temperature is then calculated by
for T in degrees Kelvin, and T.. is usuall7 taken to be 300°K.
If the calculated and assumed values of T and n agree, then these values are taken as part of the solution. In general, however, a few iterations will be required to satisfy these conditions. It is suggested that in proceeding from one iteration to the next the calculated values of n be used from the previous computation, but that the assumed and calculated values of T be averaged. This method was found to be successful in obtaining rapid convergence. Also, for computing the integral (7) and the derivative in (10),the approximation methods given in T. R. VIII are satisfactory.
The detonation velocity D and initial density A. are calculated by use of the formulae
where R • 8.314 for velocity in meters/sec. From these values one may provide a plot of the predicted velocity against initial density. The other thermodynamic quantities can be calculated by use of the equations in T. R. VI or VIII.
As an illustration of this method, the velocity of TOT was calculated.
The results, designated by "Method B", are compared with those previously obtained in T. R. VIII, "Method A". Table II As applications of this method, two problems were considered for the case of TNT. First, the effect of initial temperature on detonation velocity, and second, the effect of non-reaction in an explosive. Since the calculations are made by this approximation method, these effects are to be studied qualitatively. Corrections could be mado, however, by extrapolation and use of the correct velocity-density relation.
The first problem is answered by 3iraply varying the parameter T, (usually taken to be 300 K) in equation ( Table IVB gives a tabulation of the three terms of (13) If the solid inert is considered to be non-reacting explosive, then it is clear by (21) that equation (22) would reduce to (13). For under these conditions, the initial density and co-volume of the "mixture" is the same as the pure explosive.
Assuming that D and a are known for a particular ideal explosive, D can be calculated for a specific N in terms of a. Also, by (21), a is a simple function of the density A. and co-volume a of the mixture.
Since A, is readily obtainable, the only problem is in obtaining a.
To calculate the co-volume of the mixture, the following is considered.
First,
where OL, is the part of the total co-volume contributed by the explosive, As part of the procedure for calculating the velocities of the explosive-inert mixtures, it is advisable that a plot be made of a (p) vs. p/p , where p is the pressure of the pure explosive, corresponding to a density A,. Such a plot is given in figure 7 for TNT at two different densities. Similar curves, which parallel these, are easily obtainable for other explosives.
The calculation of v (p) depends upon the following properties of solids. It is convenient to use the identity Further calculations were made for TNT -NaCl, TNT -Al, TNT -NaNO-, 50-50 Per.tolite -NaCl, RDX -NaCl, and Comp B -Al, assuming conditions for no reaction of the Al and NaNO,. These results are given in table VI.
The velocity data for the pure explosives listed here were taken from measurements of NDRC at Bruceton . References (l) and (5) were used to obtain the compressibilities of the inert substances. The a vs. p relation for TNT is given in figure 7 ; the same relation for the other thr«e explosives was obtained by the above mentioned approximation method, using values for c calculated from the data given in "Theory of Detonation"* . It is to be noted that if a measured velocity of a particular mixture is given, then by an 'inverse' method of solution, the compressibility of the inert can be calculated. This would permit one to 'measure' compresibility of solids at pressures considerably beyond those reported by Bridgman. 
